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Introduction 

This review was prepared at the request of the Vice-Director for Scientific Affairs 

of the Institute of Physical Chemistry of the Polish Academy of Sciences, Prof. Jacek 

Gregorowicz, based on delivered hardcopy of the PhD dissertation. The research 

presented the dissertation was carried out at the Institute of Physical Chemistry of the 

Polish Academy of Sciences by Mounika Rapolu, MSc, under the supervision of Prof. 

Maciej Wojtkowski. 

 

Aim of the thesis and rational for the topic 

Generally, the thesis is devoted to the development of novel optical modalities of 

structural and functional neuroimaging. In particular, the thesis demonstrates the ability 

of optical coherence microscopy and its functional extension – angiography – to study 

microvascular system in the brain od small animals in vivo.  

Development of novel imaging modalities based on different physical phenomena 

enabled breakthrough in biology and medicine. Despite their limitations, optical 

technologies form a family of promising techniques to visualize the architecture of 

nervous system in vivo at different levels of organization. The advent of new modalities 

is driven by advances in photonics and continuous development of new devices / 

elements such as: light sources, optical components, fibers, detectors etc., which in turn 

stimulate new more and more sophisticated applications. The main advantages of 

optical methods include: non-invasive and non-contact nature of the measurement as 

well as the ability to obtain high image resolutions allowing to visualize even cellular and 

subcellular structures. Special features are also offered by optical coherence microscopy 

(OCM), which allows to obtain two- and three-dimensional images of the brain structure 

with high resolution. Although OCM primarily measures light back-scattered from the 
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structural inhomogeneities, this method also enables to map the blood flow in the 

tissues if the phase of the interferometric signal or the fluctuations of the signal 

amplitude are analyzed (optical coherence angiography, OCM-A). Therefore, the specific 

data processing permits generation of the images, in which contrast is obtained without 

application of any exogenous agent. This approach is extremely attractive for in vivo 

studies.  

In addition, neuroscience is a rapidly developing research field that integrates 

different medical, biological and social sciences. Research on understanding our nervous 

system caught special attention recently, and resulted in 6 Nobel Prizes in the 21st 

century. Therefore, the research topic presented in the thesis is in line with the current 

research trends worldwide. The challenges of neuroimaging addressed in the Ms. 

Rapolu’s dissertation that led to the optimization of imaging conditions for longitudinal 

studies are also her original and valuable achievements. 

The author formulated the aim as well as specific objectives of the presented 

study in Chapter 1. The Authors specified that: 

1) ‘We introduced a system based on a Bessel beam ad performed a comparison with a 

classical system illuminating the sample with a Gaussian beam. We have analyzed 

the advantages and disadvantages of this solution for a very specific application – to 

brain imaging by OCM-A.’ 

2) ‘We studied whether the introduction of nanoparticles enhance the infrared 

scattering using plasmon resonance. (…) We also studied if the introduction of non-

toxic scattering intralipids in blood improves the OCM-A contrast.’ 

3) ‘Finally, we evaluated the impact of proper selection of OCM-A scanning protocol on 

the quality of angiographic imaging in the presence of lesions and proposed a new 

method to improve the OCM-A contrast without contrast agents’.  

It is important to note here that Chapter 1 includes also a direct formulation of 

research hypothesis as well as specific (and very ambitious) research questions that the 

thesis aims to address. Accordingly, the Author follows rigorous scientific approach 

leading to provide the research aims. Therefore, in my opinion the research problem has 

been formulated correctly, and the title of the dissertation matches the assumed goals. 

It is important to add here that the challenges presented in this thesis required from the 

Author a multidisciplinary approach, combining physics (optics), engineering, as well as 

chemistry, biology and animal handling. 
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Structure of the thesis 

The doctoral thesis presented for review contains 133 pages. The main part of 

the dissertation has been divided into 5 chapters and a bibliography. The dissertation 

also includes two sections with Acknowledgements, an abstract, a table of contents and 

a list of figures. There is also a list of the Candidate's achievements in the form of a list 

of publications, oral and poster presentations. It is a pity that the Author did not include 

the list of symbols / abbreviations used in the text. The thesis contains 88 figures 

(although 87 are listed since 1 figure in Chapter 3 has no caption), 3 tables and 38 

equations. The thesis has a regular / classical structure, typical for research articles in 

natural sciences. There are logical and rational links between the component parts of 

the thesis, which make it coherent. 

The dissertation of Mounika Rapolu starts with Acknowledgements, list of the 

PhD candidate achievements and 1-page abstract. Technical aspects of the thesis are 

included in the table of contents and a list of figures. Including the extended version of 

Acknowledgements is not understandable for me.  

Chapter 1 – Introduction - presents general facts motivating the study. The 

Author demonstrates the anatomy of brain and its vasculature and provides information 

on state-of-the-art technologies for optical imaging of brain with cranial window. Later 

on, the Author concentrates on optical coherence tomography / microscopy for brain 

imaging in rodents and discusses the main challenges in those applications. Such design 

of the chapter clearly motivates the study and leads to formulation of hypothesis and 

aims. The Author proved that she is able to communicate the state-of-the-art in a 

synthetic way, and provided with accurate recognition of the current advances in the 

field of optics as significant number of research articles was used here. 

The next chapter is a theoretical section about the background of the OCM 

modality. The chapter demonstrates different post-processing approaches to reveal 

motion-contrasted images (angiography). Fundamental parameters of each OCT setup 

are included in Chapter 2. Practical aspects of preparation of OCT instrument have been 

given, which looks like tutorial style. There is no doubt that such approach will be useful 

for younger generations of researchers involved in OCT studies. Later on, the 

comparison of Gaussian and Bessel beams is given. Finally, the Author discusses optical 

properties of the red blood cells, intralipids and gold nanorods in terms of scattering 

parameters.  
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Methodology of the study is presented in Chapter 3. The Author shows the 

details of the experimental OCM set-ups: Spectral-domain OCM with Gaussian beam 

and Bessel beam illumination (at 780 nm), commercial polarization-sensitive OCM (at 

1300 nm), and swept-source OCM (at 1300 nm). The candidate presents also critical 

steps in monitoring the performance of the laboratory instruments. Apart from 

hardware, the Author demonstrates the details of the developed software for data 

acquisition, data post-processing and data visualization. In particular, image processing 

algorithm to enhance the contrast in angiographic images is presented. The chapter 

includes also methodological aspects regarding the preparation of animals (i.e. the 

cranial window techniques used in the study) and induction of brain glioblastoma tumor. 

The Author describes also fabrication of microfluidic channels and synthesis and 

characterization of nanoparticles and intralipid solution. I would like to mention here 

that the composition of Methodology chapter demonstrates quite a wide range of both 

theoretical and experimental skills that had to be acquired by the PhD candidate during 

realization of the project. 

The longest section of the thesis – Chapter 4 – includes the results of the studies 

completed by the PhD candidate. The structure of this chapter reflects the specific 

research questions raised in Chapter 1. In short, the Author shows how optimization of 

the measurement instrument and scanning procedure improves the quality of 

angiography map. Quantitative analysis of the angiography obtained with Gaussian and 

Bessel beam illumination is shown. The OCM angiography was later demonstrated in 

longitudinal study for monitoring the development of brain tumor. Later on, the 

attention has been directed towards contrast enhancement in OCM images with the aid 

of scattering particles like nanorods and intralipid solution. The author performs also 

qualitative analysis of the angiography maps when the above-mentioned contrast 

agents are injected. Finally, Ms. Rapolu presents a novel method based on averaging the 

scans to increase the image contrast. Although the thesis does not contain a separate 

section with discussion of the results (as it would be expected), each subsection in 

Chapter 4 has also some paragraphs with the discussion.  

Final chapter of the dissertation summarizes the results and points out the main 

conclusions from obtained results. The thesis includes also a list of 186 references. 

However, in my opinion the printed list is not complete since I found that the Author 

refers to Ref. 268 in the manuscript text. Therefore, there is at least 30% of references 
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missing (!). I believe the Author made significant efforts to do accurate literature search 

during editing the text. 

 

Editorial (technical) comments 

The dissertation is written in English in a style meeting the standards of scientific 

papers. However, the Author did not avoid errors which do not significantly affect the 

information but sometimes generate confusion during reading. I have the impression 

that in most cases those errors come from the complex process of editing the text in a 

long document. Here are some examples of the issues associated with text editing: 

 Acknowledgements – The Author did not start the first names, the name of the cities 

or official name of the group with capital letters. It is also possible to catch some 

grammar errors associated with names. 

 The Author does not use the word ‘Whereas’ correctly in multiple places throughout 

the manuscript. The conjunction ‘whereas’ to indicate a contrast between two facts 

or ideas, and it is usually used in compound sentences. What is more, I would avoid 

starting the sentence (or even using) with the word ‘so’ in formal documents. 

 The transition between Eq. 2.2 and 2.3 is not obvious. Suddenly multiple reflections 

appear. Moreover, the Author is not consistent with symbols of light intensity: IOCM, I, 

Itotal. 

 p. 43, section 3.1.4 – the resolutions should be rather expressed in μm rather than in 

mm. 

 p. 53 – is ‘flight through’, should be ‘fly through’ 

 p. 57, section 3.4 – The Author uses Future Simple tense to describe the procedures 

of rodent handling. This tense is more suitable for other documents like project 

proposal or submission to ethic commission. Past Simple tense would be more 

appropriate here.  

 It is possible to find repetitions of the same information in paragraphs referring 

mostly to Methodology, which is not necessary and generate the impression of a 

mess. 

 Chapter 3 & 4 – is ‘cranial’, should be ‘cranial window’ 

 The author should be more consistent when using the abbreviations. For example, 

NIR refers to as near infrared radiation in p. 20 while in p. 12 it refers to near-

infrared spectroscopy. In addition, GBM and PSS from p. 63, and STdOCT in p. 71 

have not been explained before. 
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The artwork consisting of 88 figures was prepared correctly. In the theoretical 

part, a few figures were taken from other publications, which was appropriately 

referenced in the figure captions. In most cases, the figures provide an impressive 

insight into the details of brain microvasculature. The quality proves that the Author 

took care on that technical aspect of the dissertation. However, there are some 

examples where the figure caption does not correspond to the figure or could have 

been written more clearly. There is a number of figures not referenced in the main text 

or referenced incorrectly (e.g. Figure 2-5, Section 3.5 and Chapter 4). In particular: 

 Figure 2-5 caption – not sure what the Author wanted to say in subfigure (a) 

 Figure 3-15 includes two subfigures indicated by (c). In addition, the Author does not 

indicate the axes (named: A-Scans, B-Scans and Z-Axis) in a standard way so that the 

reader may get confused. The drawings in a bottom raw are not intuitive either. 

 Referencing to figures in section 3.5 is not correct probably due to the inclusion of 

additional figure at the stage of preparation of the manuscript.  

 The last figure in Chapter 3.5 does not have any caption. 

 The author should have avoided situation in which the figure is located in one page 

whereas the caption is transferred automatically to the next page. 

 Figure 4-13 contains abbreviations that do not correspond to the explanation in the 

caption. Moreover, those abbreviations (ISNR, IDR) do not match with defined 

abbreviations in the main text.  

 Figure 4-14 – nobody knows how the depths S1-S5 are defined. 

 Figure 4-46 – the caption mentions the number of scans for averaging N = 8 while 

the figure indicates N = 18. 

The thesis includes three tables in Chapter 3. The content of Table 1 requires 

clarification as some parameters of the systems are doubled and have contradictory 

values (axial resolution, transverse resolution, wavelength). Moreover, oversampling is a 

characteristic for particular scan protocol, and is not associated directly with the design 

of the instrument. The caption of Table 3 is not properly numbered, and the definitions 

in Table 3 are rather taken from custom-made software, in which the parameters do not 

necessary use precise language (it is more jargon).  

I want to emphasize that the above-mentioned comments on the editing of the 

text and artwork do not significantly affect the content of the thesis and the quality of 

the results. These comments should rather be treated as guidelines for the Author in her 
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future professional work. I would expect that the PhD candidate will pay more attention 

to those minor issues in the future. 

 

Critical analysis & questions 

In this section, I would like to raise the issues and questions that arose during 

reading the manuscript. I expect that they will be addressed by the Candidate during the 

defense: 

1) Section 1.6, p. 16 – ‘The addition of contrast agents in OCM-A could potentially 

have the advantage of increasing sensitivity and resolution to target specific region 

or cell types (…)’. How can the contrast agent increase resolution of the OCT system? 

2) Section 2.3 – It would be more informative to present the details of the data 

processing in the additional figure. Although specialists know what the Authors 

mean, the readers outside the field may have more problems with understanding the 

detailed differences between the presented approaches. In addition, the difference 

between S, V and I in Eqs. 2.4-2.13 should be somehow explained (at least one 

sentence). This will be extremely helpful for the reader. 

3) The Author uses jargon expressions, simplifications or not precise definitions for 

technical terminology, e.g. ‘B-scan is a series of multiple adjacent positions of A-

scans’ (p. 28); ‘White and black colors represent the highly and weakly scattered 

pixels of cerebral microvasculature.’ (p. 28); ‘cross-section of the emitted beam has a 

Gaussian distribution’ (p. 29); ‘Δλ – the full width of the beam at the half maximum 

(FWHM) of the light source’ (p. 29); ‘Rayleigh region of the confocal parameter’ (p. 

30); ‘galvanic scanners’ (p. 42), ‘galvanic scanners (…) scan both axes perpendicular to 

the optical axis’ (p. 42); ‘The galvanic scanners scan the reference beam and acquire 

the intensity values at each given scanning position of the sample.’ (p. 44); 

‘Experiments were performed with optimal focus to ensure visualization of the 

sharpest vessels.’ (p. 67); ‘The axial or longitudinal resolution gives information about 

penetration depth or focuses on different depth positions’ (p. 69); ‘mPEG-LGNRs 

centered at 802 nm wavelength (…)’ (p. 95); ‘enhancement of the RBC’s’ (p. 101); 

‘speckle pattern improvement’ (p. 105); ‘scattered LGNRs’ (p. 117). 

4) Several terms need to be more carefully used throughout the manuscript, e.g. ‘flow 

motion contrast’, ‘motion B-scan’ (it is better to use ‘angiography cross-section’), 

‘motion angiography’, ‘angio images’, ‘angiomap’ (it is recommended to use 

‘angiography’ or ‘angiography projection’), ‘structural angiography’ (???), ‘angio layers’. 
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I would like to mention that the name ‘Angiomap’ corresponds to the commercial 

microscopy image analysis program (https://pubmed.ncbi.nlm.nih.gov/23958550/) 

so the names should be carefully adopted to other research fields.  

5) You mention ‘depth of field’ and ‘depth of focus’ (e.g. p. 34). Please, indicate the 

difference between both terms. 

6) p. 61-63 – The candidate performed spectroscopy analysis of the synthesized large 

gold nanorods. In UV-VIS analysis sub-section, the Author always indicates some 

parameters such as Vnanorod, Reff etc. It would be good to define those quantities. 

7) p. 64, Section 3.5.3 – ‘The OCM signal vs. concentration graph clearly shows the 

increase of the OCM signal by almost four orders of magnitude for higher 

concentration.’ Reference to particular figure would be desired. 

8) Figure 4-15 – How the depth was color-coded in angiography projection (is it 

maximum intensity projection)? 

9) What was the reason for the weight loss in mice after 14 days? 

10) Did you also inject anything in the control mice in the longitudinal study with 

glioblastoma mice? 

11) Figure 4-25 – How was the tumor border identified? 

12) Figure 2-1, 4-11 – It looks to me that application of Frangi-Hessian filter results in 

generation of discontinuities in vascular pattern at the locations where two vessels 

are connected. 

13) Figure 4-34 – What is the concentration of LGNR in plot (b)? Is there any 

correspondence between OCM signal levels in (a) and (b)? The text below Fig. 4-34 

mentions that ‘Figure 4-34b clearly demonstrates almost ten orders of magnitude 

difference between OCM signal in water and LGNRs’. I guess the Author meant 10x. 

14) The Author often evaluates a global increase in the signals in projection images by 

subtraction of both original images and generating image of differences. However, 

the scale of the latter is not presented so that it is not sure what the black and white 

colors mean. 

15) Figure 4-47 – It is better to use the term ‘number of scans’ except for ‘scan number’ 

in axis name. 

16) p. 111 – How were the plots in Fig. 4-52 obtained? (‘integrated intensity profile’??) 

17) The discussion of the results is somehow scattered throughout the manuscript 

between Chapter 4 and 5. It would be clearer to make a separate chapter where all 

aspects of the presented studies are discussed in detail. 

https://pubmed.ncbi.nlm.nih.gov/23958550/
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Evaluation of the dissertation 

The PhD thesis is the result of experimental work and addresses different factors 

influencing the feasibility of microscopic imaging in vivo. The PhD candidate had to 

acquire several trans-disciplinary skills necessary to complete the research tasks and to 

achieve the goals, from optical system assembly and maintenance to data processing 

and advanced image analysis. Additionally, the student demonstrated the ability to 

collaborate and learn from the specialists from Nencki Institute of Experimental Biology 

and the Institute of Physical Chemistry of Polish Academy of Sciences.  

In my opinion, a unique achievement of the PhD student is the demonstration of 

the instrumentation for microscopic in vivo imaging of cerebrovascular system in 

rodents. I particularly value application of the OCT modality in longitudinal animal study 

of glioblastoma development. Imaging of small animals requires extraordinary skills and 

synchronization of research activities to address the challenges associated with in vivo 

imaging. There is no doubt that the studies reported by the Author are extremely 

complex and difficult and would not be completed successfully without proper 

planning, system preparation and animal care. Comprehensive approach adopted by the 

Author proves that she is aware of the limitations of the study. 

Another interesting and innovative aspect of the presented research is the 

development of a novel data processing scheme that enables generation of 

angiography maps with enhanced contrast without the need of any contrast agent. This 

methodology can be extremely helpful in the cases where contrast-agent-free 

experiments have to be performed. 

The proposed and optimized research methodology constitute the Author's 

contribution to the development of field of biomedical imaging and will have impact on 

the translational research. The dissertation can be also considered as a contribution to 

fundamental studies on brain imaging in animal models. The know-how and results 

acquired during Ms. Rapolu PhD studies should be used in future experiments. The 

outcome of the PhD project is significant at the international level since two articles in 

peer-reviewed journals, one conference proceeding and one arXiv article have been 

already published. Two other manuscripts have been submitted. Moreover, the PhD 

candidate presented her research at few international conferences / congresses in the 

form of oral or poster presentation. The inconsistencies and errors listed in previous 

section of this review do not affect my positive assessment of this dissertation. 




